Among the many neurodegenerative diseases caused by repeat expansions, spinocerebellar ataxia type 8 (SCA8) has been something of a puzzle. Now, a new study shows that the CTG/CAG expansion in ATXN8OS (formerly SCA8) is transcribed in both directions, raising the possibility that two molecular mechanisms contribute to disease.
Expansions of simple sequence repeats underlie many inherited neurological diseases. Precisely how a given expanded repeat causes disease depends on many factors, including the repeat sequence, its size and location in the disease gene and the function of the disease gene itself 1 . In at least nine diseases, CAG repeat expansions reside in the open reading frame of the implicated gene, encoding abnormally long polyglutamine (polyQ) tracts in the disease protein 2 . Several dominantly inherited spinocerebellar ataxias, or SCAs, belong to this class of polyQ diseases. In a second group of diseases, including both forms of myotonic dystrophy, repeat expansions are transcribed into RNA but not translated into protein. Here, the expansions act instead through a dominant mechanism at the RNA level 3 .
On page 758 of this issue, Moseley et al. 4 explore the molecular basis of SCA8, an ataxia associated with a CTG expansion 5, 6 . Since its discovery 7 , the CTG expansion implicated in SCA8 has generated controversy owing to its incomplete penetrance 8 . Increasingly, evidence suggests that the expansion causes disease, but whether it does so through a dominant RNA effect, a transcriptional effect on a neighboring gene or yet another mechanism has been far from clear 9, 10 . What seemed clear was that the repeat did not lie in a predicted open reading frame encoding a defective protein.
Yet another polyQ disease?
To gain insight into disease mechanisms, Moseley et al. generated transgenic mice carrying bacterial artificial chromosomes (BACs) encompassing the entire human ATXN8OS locus, with either a normal or expanded CTG repeat. All lines showed low-level expression of CUG-containing transcripts in the brain. Mice expressing expanded repeats developed a progressive neurological phenotype-particularly severe in higher-copy number lines-that included generalized stiffness, wasting and premature death and was accompanied by an electrophysiological defect in the cerebellum. In mice with lower copy numbers, the phenotype was milder and incompletely penetrant, mirroring the human disease.
In these mice, an unexpected neuropathological hallmark emerged: polyQ-containing inclusions within neurons. A close look at the brains of individuals with SCA8 confirmed that such inclusions are indeed part of the human disease. This then led the authors to perform cell-based studies with various expression constructs, which showed that transcription indeed occurs in the reverse direction, producing a CAG-containing transcript that encodes expanded polyQ (Fig. 1) . Importantly, the authors detected this 'antisense' transcript in brain tissue from humans and transgenic mice, although, as with the CUG transcript, expression levels were quite low.
Based on these findings, SCA8 unexpectedly joins the growing group of polyQ neurodegenerative diseases. It differs, however, from the other polyQ diseases, in which the expansion occurs within a much larger protein. In SCA8, the expressed protein may be an essentially pure stretch of polyQ with no flanking sequence. Such a stripped-down polyQ protein has already been shown to be highly toxic and aggregation-prone, even when expressed at low levels 11 . This may explain why the culprit protein was not detected in diseased tissue lysates but was detected in cell-based studies.
One mechanism or two?
The results raise the intriguing prospect that not one, but two, pathogenic mechanisms are at play in SCA8. In addition to polyQ toxicity arising from the CAG transcript, the CUG transcript could act through a dominant RNA-based mechanism, as occurs in myotonic dystrophy. Expanded CUG transcripts may sequester specific RNA-binding proteins and thereby alter key RNA processing events in the nervous system. Although the current study provides no evidence that the CUG transcript in SCA8 acts in this way, and the authors failed to find RNA inclusions (which are found in myotonic dystrophy), this second pathogenic mechanism remains plausible. Indeed, studies in fruit flies are consistent with an RNA-mediated effect 9 .
The principle of parsimony leads one to suspect that, in the end, SCA8 will prove to have only one underlying mechanism, not two. But A final lesson from the current study is the importance of employing large genomic inserts in modeling certain human diseases. A simple cDNA transgenic model would not have revealed these new insights into disease mechanisms. As the human genome continues to yield its many surprises, including widespread antisense transcription that regulates the expression of neighboring genes 12, 13 , those who study the mechanisms of diseases caused by expanded repeats should remember to look both forward and backward.
